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This invention pertains to the treatment of 
formations penetrated by a well to increase the 
productivity thereof. More particularly, this in 
vention pertains to an improved method of and 
composition for fracturing such formations. 
In the art of completing wells by applying a 

high hydraulic pressure to a gelled liquid and 
fracturing the formations penetrated by the well, 
various so-called “low-penetrating” liquids have 
been used. Both water-base and oil-base gels 
have been injected into formations and have satis 
factorily produced fractures which extend sub 
stantial distances back into the formations. As 
these fractures are extended into the formations, 
the gels follow the fractures and, being viscous, 
the gels plug not only the fracture but the per 
meable zone adjacent to the fracture. 
Various means have been proposed for remov 

ing the gel from the formation fractures produced 
by the gel and from the adjacent permeable 
zones; and, many failures of such fractures to in 
crease the productivity of a formation are attrib 
utable to the inability to remove the gel from the 
fracture and the permeable zones contiguous 
thereto. 

It is an object of this invention to provide an 
improved method of completing wells. Another 
object of this invention is to provide a method 
of producing, in a formation, a fracture which is 
highly permeable. Another object of this inven 
tion is to provide an improved gel for plugging 
permeable pores in a formation. Still another ob 
ject of this invention is to provide a composition 
of matter which may be injected into a forma_ 
tion at high pressure to produce a fracture and 
which may then be removed from the fracture 
and from the formations penetrated by the frac 
ture, so that the fluids in the formation may flow 
freely from the formations through the fracture. 
In the present invention, a viscous liquid or gel 

is injected into a formation at high pressure, 
creating a fracture, and the viscous liquid is con 
verted to a substantially less viscous liquid, so 
that it may be removed from the formation with 
the connate fluids of the formation. A viscosity 
reducer or gel breaker which is unaffected by ordi 
nary formation temperatures and pressures and 
which acts in the presence of acids and bases and 
which is otherwise effective under all normal well 
conditions is used to reduce the gel so that it will , 
?ow freely from the fracture and from the for 
mation. 
The gel may be a viscous solution of any sub 

strate, such as starch, water-soluble gums, pro 
tein, pectin, esters, or the like. By a viscous solu 
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tion is meant a solution which will not penetrate 
readily into the pores of the rock that produces 
valuable fluids, such as oil, water, gas, or the like. 
Preferably, a low-penetrating gel is de?ned as 
a liquid which, with respect to the valuable ?uids 
in the rocks, has a considerably retarded tend 
ency to ?lter through the formations. Gels 
which, for example, have a substantially greater 
viscosity than the water or oil found in the rocks 
where a fracture is produced or which tend to 
plaster or produce a ?lter cake on permeable for 
mations are low-penetrating gels. Gels having a 
viscosity greater than about 100 centipoises at 
room temperature are therefore low-penetrating 
gels; but, I prefer a viscosity of about 250 to 1,000 
centipoises or greater. 
This low-penetrating gel is produced prefer 

ably at the well head by dispersing the substrate 
in a suitable liquid. The substrate may be mixed 
with the liquid in a tank, and the solution then 
pumped into the well. Alternatively, the liquid 
may be pumped or flowed into the well, and the 
substrate, in a dry or liquid condition, added to 
the liquid as the liquid enters the well. In some 
cases, the liquid may be heated before or after 
the substrate is added to promote gelation. 
An enzyme gel breaker is injected into the gel, 

subsequently to reduce its viscosity, so that the gel 
can be removed from a formation. This enzyme, 
which is speci?c for a particular substrate in the 
gel, may be incorporated in the gel before the gel 
is injected into the well; preferably, it is mixed 
with the liquid simultaneously with the mixing 
of the substrate. 
The gel is injected into the well and spotted in 

the Well at the level of the formation which is to 
be fractured. Packers may be used to isolate and 
con?ne a zone in the well in which the fracture 
is to be produced. When gelation has proceeded ‘ 
su?iciently so that the substrate is substantially 
completely reacted or dispersed and the gel has 
a suitable viscosity, the gel is injected into the 
formation. Injection is accomplished by apply 
ing, either directly or indirectly, to the gel a pres 
sure great enough to cause the formation to part 
or fracture. This pressure, hereinafter referred 
to as the formation breakdown pressure, is, in 
general, very high and is, roughly, equal to the 
sum of the pressure required to overcome the 
rock-bonding strength and the pressure required 
to lift the effective overburden. In any case, in 
accordance with this invention, it is necessary 
to apply, at the elevation of the fracture, a pres 
sure equal to or greater than the formation break 
down pressure, and such a pressure is readily 
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recognized. It has been found, in this respect, 
that, when pressure is applied to the formation 
as above described, the pressure in the well builds 
up as the gel is pumped at substantially constant 
rate into the well. Eventually, the pressure drops 
rather abruptly in an amount substantially equal 
to the pressure required to overcome the rock 
bonding strength and assumes a substantially con 
stant value. The pressure drop indicates that 
the formation breakdown pressure has been 
reached. Inasmuch as the pressure required to 
overcome the rock-bonding strength is small at 
great depths in comparison to the pressure re 
quired to lift the effective overburden, the pres 
sure drop may be small when the formation 
breakdown pressure is reached. The formation 
breakdown pressure is therefore more accurately 
de?ned and easily recognized as the pressure at 
which an increase in rate of fluid injection into 
the well will not materially increase the ?uid 
pressure at the bottom of the well. 
Any amount of the low-penetrating gel may be 

injected into the fracture, depending upon the 
depth of fracture desired. Generally, from 100 
to 1,000 gallons or more of the gel are injected 
into the fracture—the gel being displaced from 
the well byv water, oil, or the like. 
When, as above described, the gel, at the time 

it is injected into the fracture, contains the 
enzyme, the well is merely shut in when the gel is 
in place. It is kept shut in for several hours, for 
example, 10 hours or more, to permit the enzyme 
to hydrolize or otherwise react upon the sub 
strate and reduce the viscosity of the gel. When 
the well is opened and produced, as by swab- 2' 
bing, pumping, ?owing, or the like, the reduced 
gel, which, in general, has the same flow charac 
teristics as the initial sol or liquid component 
of the gel, is removed from the well, leaving a 
fracture which,due to spalling of the formation, 
is generally many times more permeable than the 
original formation. While the well is preferably 
left closedpin, as above described, following injec 
tion of the gel, it may be opened and ?owed 
or swabbed immediately, without damaging the 
well. When the well is placed on production 
immediately, the gel may carry some of the 
spelled rocks or props out of the fracture into 
the well, and so this procedure is considered 
less desirable. 

. In some cases, itis desirable to increase the 
permeability of the formation further by placing 
hard spacers or props in the fracture. Such 
props are placed by incorporating in the gel, 
before or at the time the gel is placed in the well, 
solid granular particles, such as sand, metal, 
or wood balls, or the like. The size of props 
is not particularly critical, but the particles are, 
preferably, less than about 8-mesh and larger 
than about 100 mesh. Also, the quantity of props 
is not particularly critical,’ but the amount is 
preferably su?icient to support the effective over 
burden and not great enough to interfere with 
pumpability of the gel. Between about 1 and 
aboutv 10 gallons of, 20-mesh sand per barrel of 
gel aredesirable. These props are carried with 
the gel into the fracture and there deposited and 
left as the gel is thinned, by the enzyme and 
removed from the formation. 

Since the action of the enzyme on the sub 
strate is slow, the enzyme, as stated, is preferably 
added to the gel before the gel is introduced into 
the well. The same results can, however, some 
times be obtained by pumping the gel and a 
solution of the enzyme into the fracture at dif 
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ferent times. For example, the gel may be dis 
placed into the fratcure by pumping an enzyme 
in solution into the fracture behind the gel. The 
volume of the solution of enzyme is, in such case, 
preferably as great as or greater than the volume 
of gel injected into the fracture to insure that 
all of the substrate particles are contacted by 
an enzyme. In either case the concentration of 
the enzyme in the gel or the solution is not 
critical—the higher the enzyme concentration, 
the faster the breakdown of the gel. A con 
centration of 0.01 to 0.10% by weight of the gel 
appears to reduce most gels to substantially the 
viscosity of the initial sol in less than a day. 
Examples of some of the substrates and en 

zymes which produce suitable gels for fracturing 
a formation, and which can be completely re 
moved from the formation, are set out in the 
following table. 

Substrate 
Sol Enzyme 

Type Example 

Starch ____________ _ _ Amylase. 

Water-soluble gums. Luizym. 
Protein ___________ __ Pepsin. 

Soluble cellulose. _ _ _ Pcctinase. 

Oil-water emulsify- Esterase. 
ing agent. 

A number of tests have been conducted with 
the various substrates and enzymes. As an ex 
ample of the results obtained, 60 grams of starch 
and 0.5 gram of an a-amylase, amprosyme No. 
200, manufactured by Wolf and Co., Passalc, 
N. J ., were dispersed in one liter of water. The 
viscosity of the gel produced was greater than 
2,000 centipoises. After 24;’ hours, the viscosity 
was 2 centipoises. A control gel containing the 
same amount of starch, without an enzyme, still 
had a viscosity greater than 2,000‘ centipoises 
after 2% hours. Other starch solutions of the 
same concentration but containing 0.5 gram/liter 
of a-amylase enzymes produced similar results. 
For example, Dextrinase and Diastase, both man 
ufactured by Takamine Laboratory, Clifton, N. J ., 
reduced the 2,000-centipoise-starch gel to 2.0 and. 
1.5 centipoises, respectively, in, 24 hours. The 
starch substrate may bev of the thin-boiling or 
pregelatinized type in which the enzyme can be 
added with the substrate to cold water. In the 
case of hot starches, the gel is preferably pre 
pared, allowed to cool, and the enzyme dispersed 
in the cool gel. That is, while the enzyme can 
stand moderate temperatures such as are en 
counteredin wells, very high temperatures appear 
to retard its action. A suitable starch gel may 
be prepared by stirring the dry starch powder 
into an alkaline solution, e. g., a 2'-10% Water 
solutionof sodium hydroxide. Such a gel, when 
formed, is desirably, substantially neutralized'with 
an acid and the enzyme added to the neutral 
starch. ' 

The water-soluble gums,- such as gum arabic, 
are typical of a- class of pentosans or C5 sugar 
substrates which produce water gels that may 
be lique?ed with an enzyme. Typical enzymes 
are the fungus enzyme luizym and the bacteria 
enzymes Fusarium lim', Fusarium oxysporum, 
Fusarium gramincamm, and Fusarium Zycoper 
sicz'e. Gels produced from emulsions of oil 
and water are unstable, without an emulsifying 
agent, such as an ester, which is a substrate. 
Emulsifyingesters generally consist of the reac 
tion product of a fatty acid having between 10 
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and about 20 carbon atoms and an organic hy 
droxy compound, including alcohols and sugars. 
Examples are diglycol laurate and glycolipins. 
Such emulsion gels are prepared at the surface 
by passing the oil and water in the presence of 
the emulsifying ester through a homogenizer or 
the like. The gel-breaking enzyme, which, in 
such case, is an esterase, may be added at the 
same time. Typical esterases are pancreatic 
lipase and certain extracts from the castor bean. 
A suitable gel is produced by emulsifying prefer 
ably about equal parts of water and oil, such 
as crude oil, or a re?ned oil, such as diesel oil. 
To this oil and water is added su?icient emul 
sifying ester to produce a stable emulsion or 
gel and sufficient esterase to break the emulsion, 
in from about 4 to about 24 hours, to the vis~ 
cosity of the non-emulsi?ed components. Due to 
variations in products of the various manufac 
turers, it is generally desirable to make a small 
scale test or pilot run on the various substrates 
and enzymes, particularly in the case of emulsion 
gels, to determine the most desirable concentra 
tions. 
These gels, as indicated above, are particularly 

adaptable to use in wells which produce valuable 
?uids, such as water or oil, since they can be re 
moved from any pores or crevices into which they 
might penetrate. While speci?c reference has 
been made to fracturing formations with gels con~ 
taining peptizing enzymes, these gels, due to the 
high viscosities which may be obtained and due to 
the fact that the enzymes, even in the presence 
of high hydrostatic pressures and reasonable tem 
peratures, are not inactivated, may be used in 
other well treatments. In the process of acidizing 
calcareous formations, for example, where the 
formations contain both large and small flow 
channels or pores, it is desirable to plug the larger 
pores, so that the acid will be forced into the 
smaller pores. Gels of the class above described, 
containing enzymes, when pumped into a well 
under moderate pressure, appear to enter the 
larger pores selectively and plug them without 
plugging the smaller pores. Since the enzymes 
are not inactivated by bottom-hole temperatures 
and pressures and since they can withstand some 
contact with acid, the enzymes break the gel after 
several hours, so that the sol may be removed 
from the Well and the pores may again produce. 
From the foregoing it can be seen that this 

invention is capable of a great variety of embodi 
ments. Such variations as fall within the scope 
of the appended claims should be construed to 
fall within the spirit and intent of the invention. 

I claim: 
1. A method of treating a formation pene 

trated by a well comprising introducing into said 
well a starch gel containing an amyloclastic en 
zyme, applying to said gel a pressure sumcient 
to force said gel into the pores of said formation, 
and producing said well. 

2. A method of increasing the productivity of a 
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6 
formation penetrated by a well comprising intro 
ducing into said well a starch gel, applying to 
said gel a pressure as great as the formation 
breakdown pressure to fracture said formation 
and force said gel into said fracture, contacting 
said gel with an amyloclastic enzyme to reduce 
the viscosity of said gel, and producing said well. 

3. A method of treating a formation penetrated 
by a well comprising introducing into said well 
a starch gel containing an amyloclastic enzyme, 
applying to said gel a pressure sufficient to force 
said gel into the larger pores of said formation, 
injecting acid into said well and applying pres 
sure to said acid su?icient to force said acid into 
the small pores of said formation, and producing 
said well. 

4. A method of increasing the productivity of a 
calcareous formation penetrated by a well com 
prising introducing into said well a gel containing 
water, starch, and (x amylase, after said gel has 
reached a viscosity of about 1070 centipoises or 
more applying a pressure to said gel sufficient to 
force said gel into the larger pores of said forma 
tion, thereafter injecting acid into the smaller 
pores of said formation to increase their perme 
ability, allowing su?icient time for said a amylase 
to reduce the viscosity of said gel to substantially 
the viscosity of the connate ?uids in said forma 
tion, and producing said well. 

5. A method according to claim 4 in which said 
starch is pregelatinized starch. 

6. In a method of treating a formation pene 
trated by a well the steps of introducing into said 
well an amyloclastic enzyme in a gel comprising a 
water solution of a water-soluble polysaccharide, 
said enzyme being capable of breaking said gel 
upon prolonged contact, applying to said gel a 
pressure suf?cient to force said gel into said for— 
mation, and producing said well to remove the 
broken gel from said formation. 

7. A method according to claim 6 in which said 
gel is a water solution of pregelatinized starch. 
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